Cocoa tea (Camellia ptilophylla Chang), a naturally non-caffeine Camellia tea plant, is one of the special wild tea plants in southern China. It has been used for more than one hundred years by local inhabitants as a healthy beverage, like green tea, in the Longmen area of Guangdong Province of China, but is not yet commercially available. 1) One of the authors, Chuangxing Ye, has been continuing research work on Cocoa tea for 20 years. [1] [2] [3] [4] Studies on the genetic analysis, biosynthesis and metabolism of purine alkaloids in Cocoa tea leaves have proved Cocoa tea to be a pure non-caffeine tea plant. 2, 3) An analysis of the chemical compounds in cultivated Cocoa tea has also shown the stability of the theobromine and catechin content in Cocoa tea leaves. 4) In addition, the cultivation and cutting propagation of wild Cocoa tea has recently been successfully managed, so that more intensive cultivation of the Cocoa tea plant seems possible which could lead to its mass production and worldwide marketing and consumption.
Since the Cocoa tea leaves contain a high content of theobromine, this tea plant has been named Cocoa tea. 1) Camellia sinensis L. is one of the Camellia species which contains 2-5% caffeine, and compared with the Cocoa tea plant, the latter contains abundantly more polyphenols more than the former. 2, 4) The dry leaves of Cocoa tea contain 4.70-4.85% (w/w) theobromine. 2, 4) Apart from this theobromine, Cocoa tea contains seven catechins:
(þ)-catechin (C), (À)-epicatechin(EC), (À)-epigallocatechin (EGC), (À)-epigallocatechingallate (EGCG), (À)-epicatechingallate (ECG), (À)-gallocatechingallate (GCG) and (À)-gallocatechin (GC).
2) EGCG is the major catechin in C. sinensis, while GCG is the major catechin in the Cocoa tea plant, being twice as much as EGCG in C. sinensis. 2) There have been a number of studies on natural tea catechins, and the epimers of these catechins have recently been reported. It has also been reported that GCG showed a stronger effect than EGCG for blocking cholesterol absorption. 5) Cocoa tea has been proven to be a safe and healthy beverage, and the extract possesses such physiological activities such blood fat-, cholesterol-, and blood pressure-lowering effects. 6, 7) It has been reported that Cocoa tea demonstrated a heart muscle-contracting force stronger than that of tea from C. sinensis. 6) Anticancer activity has also been reported, [8] [9] [10] in addition to its relaxing effect. 1) Chronic drinking of Cocoa tea is beneficial for preventing the life-style stylerelated diseases caused by hyperglycemia.
11)
The aroma of tea is a gauge to measure its quality. However, no study on the aroma of Cocoa tea has so far been reported. To investigate the usability of Cocoa tea as a traditional beverage in this study, we made Cocoa tea samples as Cocoa green tea, Cocoa oolong tea and Cocoa black tea from fresh cocoa tea leaves by traditional tea processing methods and investigated the aroma characteristics of such Cocoa teas. The mechanism for the formation of the Cocoa tea aroma was also studied to obtain data for a good product quality and a variety of Cocoa teas.
Materials and Methods
Chemicals. The analytical reagent-grade solvents and standards used were purchased from Wako Pure Chemical Industries (Osaka, Japan). The glycosides listed in Table 2 were synthesized in our y To whom correspondence should be addressed. Tel/Fax: +81-3-5978-2557; E-mail: kubota.kikue@ocha.ac.jp laboratory as described in our previous study.
12) The p-nitrophenyl glycosides listed in Table 3 were purchased from Sigma Chemical Co., and all buffers were adjusted to the desired pH value at room temperature.
Materials. Fresh Cocoa tea leaves were plucked in spring 2004 and in September 2005, and then processed to steamed Cocoa green tea (CGT-S), pan-fired Cocoa green tea (CGT-P), Cocoa oolong tea (COT) and Cocoa black tea (CBT) by the corresponding traditional tea processing methods. High-grade commercial samples of steamed green tea (Sencha), pan-fired green tea (Longjing tea), oolong tea (Tie guan yin) and black tea (Assam black tea) made from C. sinensis were purchased from a local Japanese market. Traditional green tea manufactured by steaming freshly plucked tea leaves without any fermentation is called Japanese green tea or Sencha. 13) Green tea processed by pan-firing is also called Chinese green tea; 14) it is commonly produced in central and northern China as Longjing tea which has a sweet pan-fired aroma. 14) Sencha and Longjing tea were chosen because they are typical steamed and pan-fired types of green tea. Many kinds of oolong and black tea are also known throughout the world, and Tie guan yin oolong tea and Assam black tea were respectively selected as popular and typical oolong and black tea. These commercial teas were used to compare the aroma characteristics with those made from Cocoa tea leaves. The samples for the aroma precursor study were harvested in October 2005. After being plucked, the fresh leaves were divided into two parts: one part was used to prepare the crude enzyme extract; the other part was immediately steamed at 100 C for 5 min, and then dried at 80 C to prepare the crude glycosidic fraction.
Sensory evaluation. Sample preparation. Purified boiling water (150 ml) was added to 3 g of each type of Cocoa tea sample (CGT-S, CGT-P, COT and CBT) and, after infusing for 3 min, the Cocoa tea leaves were filtered off, and each filtrate used as the Cocoa tea infusion. The infusions of the traditional samples were prepared in the same way.
Evaluation terms. The terms for the sensory evaluation of the Cocoa tea infusions and their counterparts were first determined. Each panelist selected the most appropriate descriptions from the 44 terms reported by Shimoda et al. as being appropriate expressions for food. 15, 16) Additionally, they were asked to write down other words if they thought these 44 terms were not sufficient to describe the aroma of the Cocoa tea infusions. The seven or eight attributes shown in Fig. 1 were finally agreed after several consultations among the panelists.
Evaluation conditions. A well-trained panel consisting of 11 females aged 21 to 32 years who are members of the laboratory was used to evaluate the samples by a 10-cm linear scale (0, weak; 10, strong). 17) A 20-ml amount of each sample in pairs of (A) the Cocoa tea infusion and (B) traditional tea infusion was served to each panelist in a 50-ml brown glass bottle fitted with a plastic screw cap. The samples were kept at 60 C throughout the evaluation to reproduce the condition for an appropriate drinking temperature. The panelists were asked to smell each sample for 10 s and then to rate the perceived relative intensity of each attribute.
Statistical analysis. The data were analyzed by Tukey's multiplecomparison test.
Isolation of the volatile compounds. One hundred grams of each Cocoa tea sample was soaked for 3 min in 5.0 liters of boiling water which had been purified by the Milli-Q system. The infused Cocoa tea was filtered through a nylon cloth, and the resulting filtrate was cooled to room temperature in iced water. To each Cocoa tea infusion was added ethyl decanoate (0.15 mg) in methanol as an internal standard (I.S.), and the infusion subjected to column chromatography with Porapak Q resin as the packing material. The absorbed compounds were eluted with 200 ml of a mixture of pentane and diethyl ether (1:1), after the water-soluble compounds as amino acids and sugars had been removed with 200 ml of purified water. The eluate was dried over anhydrous sodium sulfate, and the solvent was evaporated at 39.5 C under atmospheric pressure. The volatile compounds were then further concentrated in a nitrogen stream just before being injected for the GC and GC-MS analyses.
Gas chromatography (GC). An Agilent 6890N gas chromatograph equipped with a flame-ionization detector was used to separate the volatile compounds in each sample. A DB-WAX column (60 m Â 0:25 mm i.d., 0.25 mm film thickness; J&W Scientific) was employed. The oven temperature was held at 60 C for 4 min and then increased to 200 C at the rate of 2 C/min. The injector and detector temperatures were respectively set at 200 C and 220 C, and helium was used as the carrier gas at a flow rate of 1 ml/min with a split ratio of 30:1. A 0.2-ml amount of each sample (CGT-S, CGT-P, COT and CBT) was injected for the GC analysis, and the contents of the aroma compounds were calculated by using EZchrom Elite Client/Server.
Gas chromatography-mass spectrometry (GC-MS). An Agilent 6890N gas chromatograph equipped with a 5973 mass selective detector with built-in Wiley library research was used for the GC-MS analysis. The GC-MS conditions were the same as those just described for GC. Electron impact (EI) spectra were recorded at 70 eV, the temperature of the ion source being 230 C, and mass spectra were scanned in an m=z range of 30-400 mass units. The compounds were identified by the agreement of their GC retention indices and mass spectra with the authentic standards.
Preparation of the glycosidic fractions. The glycosidic fractions from the sample of dried fresh Cocoa tea leaves were prepared by using XAD-2 column chromatography.
14) A 20-g amount of dried fresh Cocoa tea leaves was crushed, and a 1-ml aqueous solution of phenyl -D-glucopyranoside (1.5 mg/ml) was added as an internal standard. The sample was extracted twice with boiling water (280 ml and 120 ml) and kept for 10 min each, the resulting extract being passed through a nylon mesh filter and cooled to room temperature in an icewater bath. A 10-g amount of Polyclar AT was then added, and the solution was stirred for 20 min to absorb the polyphenols, before the solid matter was removed by a suction filter with a thin silica gel layer. This operation was repeated by adding 5 g of Polyclar AT. The filtrate was concentrated to 70 ml under reduced pressure at 40 C and then centrifuged twice at 20000 g for 20 min. To the supernatant was added 280 ml of methanol to precipitate the protein, and the supernatant was filtered. The filtrate was concentrated under reduced pressure to completely remove the methanol. The resulting aqueous residue was subjected to chromatography with an Amberlite XAD-2 adsorbent in a 28 cm Â 4 cm (i.d.) glass column. After successively washing the column with 2.0 liters of water and 800 ml of pentane-ether (1:1), the glycosidic fraction was obtained by eluting with 1.0 liters of methanol. The eluate was concentrated to dryness and used as the crude glycosidic fraction.
Trifluoroacetylation and GC-MS analysis of the glycosides. Nmethyl bis trifluoroacetamide (MBTFA) has been used as the reagent according to the method of Sullivan and Schewe to cleanly produce the trifluoroacetates (TFA) of some mono-, di-, tri-and tetrasaccharides with high volatility. 18) To the crude glycosidic fraction (8 mg) in a small screw-capped vial was added 20 ml of anhydrous pyridine and 20 ml of MBTFA under nitrogen. The vial was heated at 60 C for 50 min and then allowed to cool to room temperature, before being subjected to a GC-MS analysis. A Hewlett-Packard 5890 series II gas chromatograph and a Hewlett-Packard 5972 series mass selective detector were used for with a DB-5 fused-silica capillary column (60 m Â 0:25 mm i.d., 0.25 mm film thickness; J&W Scientific). The column temperature was held at 130 C for 2 min and then raised to 280 C at the rate of 2 C/min. Helium was used as the carrier gas at a flow rate of 1.0 ml/min with a split ratio of 30:1. MS employed electron impact (EI) of 70 eV, and the temperature of the ion source was 180 C. Each natural glycoside was identified by comparing the relative retention time to that of the I.S. and its MS data with those of the authentic synthesized glycoside.
Preparation of the crude enzyme solution. Acetone powder was prepared from fresh Cocoa tea leaves as described by Yano et al. 19) Acetone powder (1.0 g) was suspended with 0.5 g of Polyclar AT (General Anilin and Film Corp., New York, USA) in 25 ml of a 50 mM sodium citrate buffer solution (pH 5.0), homogenized twice for 30 s each at 0 C, stored at 0 C for 1 h, and then centrifuged at 10;000 g for 20 min at 4 C. The clear supernatant was collected and used as a crude enzyme solution.
Glycosidase assay of the crude enzyme. An enzyme assay was carried out by the method of Yano et al., 19) the activity of the crude enzyme of fresh Cocoa tea leaves being assayed by using seven p-nitrophenyl glycosides as the respective substrate. Two sets of the enzyme solution were prepared at different concentrations, one set being heated at 100 C for 2 min and used as the control. The resulting yellow color formed was measured at 420 nm by a spectrophotometer, the amount of released p-nitrophenol being determined from the resulting values against a calibration curve. One unit of the glycosidase enzyme hydrolyzed 1 mmole of the substrate/min at 37 C.
Enzymatic hydrolysis of the glycosidic fraction of Cocoa tea leaves. The glycosidic fraction (10 mg) was dissolved in 25 ml of a 50 mM sodium citrate buffer (pH 5.0). Two solutions were prepared, one with the enzyme solution added, and the other without which was used as a control. After incubating at 37 C for 30 min, each sample was saturated with sodium chloride, and the hydrolyzed compound was extracted with diethyl ether. The organic layer was concentrated, and analyzed by GC and GC-MS.
Results and Discussion
Aroma profiles of the four types of Cocoa tea and tea from C. sinensis
The aroma of the infused four types of Cocoa tea was sensorially evaluated and compared to the traditional tea counterparts by using 7-8 attributes, and is graphically presented in Fig. 1 .
Steamed Cocoa green tea (CGT-S) was characterized as significantly creamy, sweet floral and bamboo leaflike, whereas Sen-cha was green laver-like, meat-like, fresh tree-like, and with roasted and bitter attributes (Fig. 1A) . Pan-fired Cocoa green tea (CGT-P) was evaluated as significantly smoky, sweet, cigarette-like, old paper-like, and with burnt attributes. On the other hand, Longjing tea had a sweet, roasted soybean-like and sweaty aroma (Fig. 1B) .
Although the aroma profile of Cocoa green tea (CGT-S and CGT-P) was significantly different from that of traditional green tea (Sencha and Longjing), the difference of aroma profile in these attributes between Cocoa oolong tea (COT) and traditional oolong tea (Tie guan yin) was not very large. Fruity, white peach-like and floral, orchid-like and dry fruit-like were stronger in the COT infusion, while roasted, fresh tree-like and sweet sugar-like were stronger in Tie guan yin (Fig. 1C) .
The infusions of Cocoa black tea (CBT) and Assam black tea showed no significant difference in most attributes, except for the fresh potato-like feature of CBT and typical citrus-like feature of Assam black tea, suggesting that the aroma of CBT infusion was close to that of its corresponding counterpart (Fig. 1D) .
These results suggest that the fermented Cocoa teas produced a similar aroma quality to the corresponding teas made from C. sinensis, whereas the non-fermented Cocoa teas had a different aroma quality.
Yields of volatile fractions in the Cocoa tea infusion
The aroma concentrates well reproduced the characteristic odors of each type of Cocoa tea. The yields of the volatile fractions were 8.23 mg (CGT-S), 9.48 mg (CGT-P), 46.19 mg (COT) and 31.62 mg (CBT) for each 100 g of Cocoa tea. The yields of fermented Cocoa tea (COT and CBT) were much higher than those of the non-fermented types (CGT-S and CGT-P). This result proves that the amount of volatile compounds in Cocoa tea was increased by the fermentation process.
Identification of the volatile compounds in a Cocoa tea infusion
The volatile compounds were investigated by GC and GC-MS and are presented in Table 1 as peak area% and ratio of I.S. Respective totals of 54, 46, 47, and 50 volatile compounds in CGT-S, CGT-P, COT, and CBT were identified, showing agreement of their mass spectra and KI retention indices with those of the authentic compounds. Based on peak area% in Table 1 , the identified volatile compounds of the COT and CBT infusion were 77.53% and 78.92%, respectively, and those of CGT-S and CGT-P were 57.56% and 48.35%, many in trace amounts. All of the volatile compounds identified in the Cocoa tea infusion in this study have been reported in the corresponding tea made from C. sinensis, although the composition was different.
Non-fermented tea-Cocoa green teas (CGT-S and CGT-P)
The main components of CGT were monoterpene alcohols, alcohols and phenols, although the content was lower than those of COT or CBT by the ratio of I.S. shown in Table 1 . Among the monoterpene alcohols, linalool, linalool oxides, 3,7-dimethyl-1,5,7-octatrien-3-ol, and geraniol were quantitatively large in content. In addition, such degraded carotenoid compounds as -ionone, -ionone, and dihydroactinidiolide were detected as significant in CGT-S. These constituents have been reported as important aroma compounds in green tea made from C. sinensis.
20) Z-3-Hexenol was only detected in small amount in CGT-S, and not at all in CGT-P. Vanillin, a phenol, was the most abundant component of CGT. The respective percentages in the GC peak area of vanillin in CGT-S and CGT-P were 11.10% and 8.00%. The content of vanillin in CGT (3.03 in CGT-S and 2.52 in CGT-P as a ratio to I.S.) was higher than that in both COT and CBT. There has been no previous report on vanillin being one of the main components of tea aroma, although it has been identified in the tea aroma. 21, 22) Vanillin has a vanilla-like aroma and been reported to enhance the sweet taste. 21, 22) It is suggested from these results that the low content of Z-3-hexenol-related compounds, which are known to be important for the green note of green tea, and the high content of vanillin and monoterpene alcohols, which enhance the sweet and floral note, contributed to the creamy and sweet floral note of Cocoa green tea (CGT-S) as shown in Fig. 1A . Vanillin gave CGT-P a sweet and cigarette-like note. The smoky and burnt note of CGT-P shown in Fig. 1B may have been due to syringol which has a smoky note and was only detected in CGT-P.
Semi-fermented tea-Cocoa oolong tea (COT)
The yields of the four Cocoa tea volatile fractions show that COT contained the strongest aroma as already described. As shown in Table 1 , COT contained a large amount of jasmine lactone (17.4%, 18.40 as an I.S. ratio), which has a floral aroma, this being 40-fold more than that in CGT and CBT. COT also contained Ncontaining compounds such as indole (11.20%, 12.20 as an I.S. ratio) and benzyl cyanide (7.36%, 8.36 as an I.S. ratio), about 20-fold more than that in CGT and CBT. In particularly, methyl jasmonate and methyl epijasmonate were only detected in COT.
Typical oolong teas have a characteristically elegant floral aroma with a dried fruit note, and it is known that jasmine lactone, methyl epijasmonate and indole mainly contribute to this characteristic aroma. 13) These compounds have also been reported to develop mainly during indoor withering with the shaking and turningover treatment, during which fermentation by endogenous enzymes progresses in the leaves. [23] [24] [25] COT showed similar characteristics to traditional oolong tea in both the aroma profile and in the composition of the aroma compounds (Table 1, Fig. 1C) .
Fermented tea-Cocoa black tea (CBT) The aroma profile of CBT was similar to that of black tea from C. sinensis (Fig. 1D) , the composition of the aroma constituents also being similar to that of black tea. As shown in Table 1 , the main components were such monoterpene alcohols (28.29%) as linalool, linalool oxides and geraniol, and such alchohols (26.42%) as (Z)-3-hexenol, E-2-hexenol, benzyl alcohol and 2-phenylethanol. The contents of phenols as methyl salicylate (2.75 as I.S. ratio), and of such carbonyl compounds as benzaldehyde (3.06 as an I.S. ratio) and phenylacetaldehyde (7.43 as an I.S. ratio) were also higher in CBT than in the three other kinds of Cocoa tea. Comparing the CBT aroma compounds with those of black tea reported in the literature [26] [27] [28] [29] [30] [31] [32] indicates a similar aroma pattern. These results explain well how the respective profiles of tea aroma by the sensory evaluation were similar to each other.
Detection of glycosides as aroma precursors and hydrolytic activity
It has been reported that the monoterpene alcohols like linalool, linalool oxides and geraniol in black tea were almost all released by an enzymatic reaction from the glycosidic precursors during the fermentation process used for black tea manufacture. Since alcoholic compounds were the main aroma components in CBT, it is suggested that C. ptilophylla contained similar aroma precursors and this enzymatic system in the leaves to those in C. sinensis var. assamica which is well known to be suitable for black tea manufacture. The glycosides as aroma precursors and the hydrolytic activities of the crude enzymes in the fresh leaves of C. ptilophylla were then investigated.
Seventeen glycosides were identified in Cocoa tea leaves as shown in Table 2 . However, the content of the identified glycosides (66 mg) in dried fresh Cocoa tea leaves was almost one fourth lower than that in dried fresh leaves of C. sinensis, as has been reported by the authors. 33) Additionally, the proportion of glucosides in dried fresh cocoa tea leaves was about 1.6-fold higher than that of disaccharides, in contrast to C. sinensis in which the disaccharides were higher and which work primarily as the aroma precursors, as reported by Sakata et al. and Kobayashi et al. 13, [33] [34] [35] [36] [37] [38] [39] Furthermore, as shown in Table 3 , the possibility of hydrolysis of the glycosidic precursors was apparent in the fresh Cocoa tea leaves, Estersbecause -D-galactopyranoside, -D-glucopyranoside and -primeveroside were hydrolyzed to some extent by the crude enzyme extract. The crude enzyme extract of fresh Cocoa tea leaves showed both -glucopyranosidase activity and -primeverosidase activity.
Aroma compounds in the glycosidic fraction
In order to investigate the contribution of these precursors to the aroma of fermented Cocoa tea, enzymatic hydrolysis of the glycosidic fraction prepared from dried fresh Cocoa tea leaves was carried out by using the crude enzyme prepared from fresh Cocoa tea leaves. After this hydrolysis, the formation of Z-3-hexenol, linalool, 3 linalool oxides (trans-and cisfuranoids and trans-pyranoid), methyl salicylate, benzyl alcohol and 2-phenylethanol was observed as shown in Table 4 . The aglycons of the glycosides detected in fresh Cocoa tea leaves were confirmed to have been Compounds were identified by agreement of the mass spectrum and KI value with those of the authentic compounds except E-2,6-dimethyl-2,7-octadiene-1,6-diol, Z-2,6-dimethyl-2,7-octadiene-1,6-diol and 3-hexenoic acid. a KI, Kovats index on DB-WAX; b peak area % on GC; c ratio to I.S., GC peak area ratio of compound to I.S.; d tentatively identified only by the mass spectrum; e n.d., not detected; f tr., trace. Ã CGT-S, steamed Cocoa green tea; y CGT-P, pan-fired Cocoa green tea; z COT, Cocoa oolong tea; x CBT, Cocoa black tea hydrolyzed by the enzyme in the leaves. These compounds were also observed to increase sharply in the volatiles of CBT as shown in Table 1 , and they seem to have been released from the glycosides in fresh Cocoa tea leaves by the enzymatic hydrolysis during manufacturing. It is well known that monoterpene alcohols play an important role in tea flavor because of their sweet, floral and mild aroma, and that they are produced by the endogenous enzymatic hydrolysis of non-volatile compounds in fresh tea during the manufacturing process of oolong and black teas from C. sinensis. 12, 13, [33] [34] [35] [36] [37] [38] [39] Similarly, the monoterpene alcohols and alcohols from glycosides that increased sharply in fermented Cocoa tea (COT and CBT) also play an important role in the sweet and floral note of COT and CBT. It was confirmed from these results that COT and CBT were similar in their aroma formation to oolong and black teas made from C. sinensis. Accordingly, our results suggest that the tea processing method is a very important factor in the manufacture of Cocoa tea with a good aroma quality. The volatile compounds identified in the fermented Cocoa teas were qualitatively similar to those of the traditional high-grade teas used in this study. It seems possible from these results to produce Cocoa tea in sufficient quantity for world-wide marketing and consumption.
Conclusion
Fermented Cocoa tea had an aroma quality similar to that of traditional high-grade oolong tea and black tea. It should therefore be possible to mass produce it for worldwide marketing and consumption. It is obvious that this wild tea plant could be effectively utilized and would increase the variety of teas already on the market. Substrates: p-nitrophenol glycosides (10 mM); enzyme: crude enzyme extract from fresh Cocoa tea leaves; enzyme activity was examined after incubating in a 20 mM citrate buffer (pH 6) at 37 C. The liberated amount of pnitrophenol was determined at 405 nm. 
